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 Quality Standards for Dialysis Fluid 

 It was recognized in the 1960s that both chemical and 
microbiological contaminants in dialysis fluid could 
cross the dialyzer membrane and injure patients. This 
recognition led to the development in the United States 
of standards for the chemical and microbiological qual-
ity of water used to prepare dialysis fluid and for the 
microbiological quality of the dialysis fluid. Subse-
quently, other national, regional and international bod-
ies published similar standards for dialysis water qual-
ity  [1] .

  The standards for the chemical quality of dialysis wa-
ter encompass three broad categories of chemicals: (1) 
electrolytes that are normally included in dialysis fluid, 
with maximum allowable levels set so that dialysis water 
does not significantly affect the dialysis prescription; (2) 
chemicals with documented toxicity in dialysis patients, 
with maximum allowable levels set below those at which 
toxicity has been observed, and (3) trace elements regu-
lated in drinking water, with maximum allowable levels 
generally set at one-tenth of those permitted in drinking 
water. There is widespread agreement between the vari-
ous standards for dialysis water concerning the maxi-
mum allowable levels of chemical contaminants, with 
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 Abstract 

 Quality standards for dialysis water have existed for more 
than 25 years. Current standards generally agree concerning 
the maximum allowable levels of chemical contaminants; 
however, significant differences exist concerning the maxi-
mum allowable levels of microbiological contaminants and 
the methods used to measure them. While quality standards 
for dialysis water are common, there are relatively few stan-
dards or recommendations for dialysis fluid quality and 
these also differ markedly in the maximum allowable level 
for microbiological contaminants. Compliance with quality 
standards for dialysis water and dialysis fluid appears to have 
improved over the past 20 years, although the actual extent 
of compliance is difficult to assess. A universal standard for 
fluid quality might be of benefit to the wider dialysis com-
munity; however, progress towards that goal will depend on 
resolution of important issues, including how the standard 
is to be applied, if it should be limited to substances with 
documented toxicity for hemodialysis patients, and how to 
address microbiological contaminants. 
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only minor differences in the selection of heavy metals 
and the maximum allowable levels for some of the elec-
trolytes normally included in dialysate.

  Current standards differ only slightly in the maxi-
mum levels of bacteria allowed in standard dialysis water; 
however, there are important differences in the methods 
used to determine those levels. In particular, the combi-
nation of culture medium, incubation time and incuba-
tion temperature specified in the United States standard 
yields significantly lower levels of bacteria than those ob-
tained using the conditions specified in the European Re-
nal Association’s Best Practice Guidelines  [2] . Apart from 
differences in determining levels of bacteria, there are 
also significant differences in the maximum allowable 
levels of endotoxin, which range from 2 EU/ml in the 
United States to 0.05 EU/ml in Japan.

  While there are many quality standards for dialysis 
water, there are fewer standards for dialysis fluid, which 
is ultimately what the patient is exposed to during a di-
alysis treatment. In general, quality recommendations for 
standard dialysis fluid are the same as the corresponding 
recommendation for dialysis water. Some organizations, 
such as the European Renal Association, go beyond stan-
dard quality fluids and recommend that ultrapure dialy-
sis fluid, defined as containing  ! 0.1 CFU/ml and  ! 0.03 
EU/ml of endotoxin, be used for all dialysis treatments. 
This recommendation is made in view of a growing body 
of evidence that use of ultrapure dialysis fluid is associ-
ated with a reduction in many of the complications asso-
ciated with hemodialysis therapy  [3] .

  Implementation of Quality Standards 

 Surveys of dialysis fluid quality from the late 1980s 
show that many dialysis facilities did not comply with 
applicable standards for microbiological quality  [4, 5] . 
Changes in compliance since that time can be difficult 
to assess because of differences in how standards are 
implemented. For example, while the standards for mi-
crobiological quality are least strict in the United States, 
dialysis facilities are required to meet them in order to 
receive payment from the Federal Government and 
compliance is monitored by regular inspections of the 
dialysis facilities. In contrast, many European coun-
tries, such as Italy, recommend the use of ultrapure flu-
ids, but there is no requirement that this level of purity 
be met and no inspection for compliance. While pub-
lished reports provide some information on compliance 
with fluid quality standards they are generally based on 

self-reported levels of contamination and do not include 
data from all facilities or even a properly constructed 
statistical sample of facilities. Moreover, monitoring of 
fluid quality may be infrequent or not performed  [6, 7] . 
With those caveats, it appears that compliance with cur-
rent standards has improved over the past 20 years. For 
example, 70–90% of small samples of centers from Aus-
tria  [8]  and Italy  [7]  are reported to comply with appli-
cable standards for bacteria, while more than 97% are 
reported to comply in a large sample of centers from Ja-
pan  [6] .

  Where Next with Quality Standards? 

 In view of the proliferation of standards over the past 
few years, it may be time to consider how to harmonize 
existing standards into a single standard that would be 
widely applicable in all hemodialysis settings. Such a uni-
versal standard would aid in comparing outcomes be-
tween different countries and regions and provide a 
sound basis for spreading best practices to regions with 
less mature dialysis programs. Current efforts by the In-
ternational Organization for Standardization (ISO) to 
develop a series of standards and guidelines for dialysis 
fluids represent one effort in this direction. Important is-
sues remain to be resolved, however. First, a universally 
applicable standard must take into account how the stan-
dard is to be applied – as a mandatory regulation or a goal 
to be aspired to. Second, it is not practicable to continue 
adding trace elements to the standard as they are added 
to drinking water standards if there are no data to docu-
ment specific toxicity for hemodialysis patients. Third, 
differences in bacterial culturing methods must be re-
solved, most likely in favor of the most rigorous methods, 
and a decision must be made whether or not to include 
other microorganisms, such as yeasts and fungi, and bac-
terial products not detected by the  Limulus  amebocyte 
lysate assay. Finally, in spite of the universal availability 
of quality standards for dialysis fluids, relatively little in-
formation is available to dialysis practitioners to guide 
them in the successful implementation of those stan-
dards. The Association for the Advancement of Medical 
Instrumentation (AAMI) published a recommended 
practice for dialysis fluids in 2004  [9]  and some informa-
tion is also provided in the European Renal Association’s 
Best Practice Guidelines  [10] . However, neither of these 
documents provides detailed guidance on the implemen-
tation of ultrapure fluids. A guidance document (Guid-
ance for the preparation and quality management of flu-
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ids for haemodialysis and related therapies) currently be-
ing developed by ISO and expected to be available in 2010 
will, at least in part, address this absence of informa-
tion.

  Disclosure Statement 

  The author is convener of the ISO Working Group on renal 
replacement, detoxification and apheresis (ISO/TC 150/SC 2/
WG 05). The opinions expressed in this article are those of the 
author and do not necessarily represent the position of ISO or
the ISO Working Group.  

 References 

  1 Ward RA: Worldwide water standards for 
hemodialysis. Hemodial Int 2007;   11:S18–
S25. 

  2 Ledebo I, Nystrand R: Defining the micro-
biological quality of dialysis f luid. Artif Or-
gans 1999;   23:   37–43. 

  3 Ward RA: Ultrapure dialysate. Semin Dial 
2004;   17:   489–497. 

  4 Klein E, Pass T, Harding GB, Wright R, Mil-
lion C: Microbial and endotoxin contamina-
tion in water and dialysate in the central 
United States. Artif Organs 1990;   14:   85–94. 

  5 Bambauer R, Schauer M, Jung WK, Daum V, 
Vienken J: Contamination of dialysis water 
and dialysate. A survey of 30 centers. ASAIO 
J 1994;   40:   1013–1016. 

  6 Masakane I, Tsubakihara Y, Akiba T, Wata-
nabe Y, Iseki K: Bacteriological qualities of 
dialysis f luid in Japan as of 31 December 
2006. Ther Apheresis Dial 2008;   12:   457–
463. 

  7 Bonfant G, Belfanti P, Cappelli G, Alloatti S: 
SIN survey on dialysis water controls in Italy. 
G Ital Nefrol 2005;   22:   241–245. 

  8 Vorbeck-Meister I, Sommer R, Vorbeck F, 
Hörl WH: Quality of water used for haemo-
dialysis: bacteriological and chemical pa-
rameters. Nephrol Dial Transplant 1999;   14:  
 666–675. 

  9 Association for the Advancement of Medical 
Instrumentation: American National Stan-
dard, Dialysate for Hemodialysis. ANSI/
AAMI RD52:   2004. Arlington/VA, AAMI, 
2004. 

 10 European Renal Association – European Di-
alysis and Transplant Association. European 
Best Practice Guidelines for Haemodialysis 
(Part I). Section IV, Dialysis Fluid Purity. 
Nephrol Dial Transplant 2002;   17(suppl 
7):45–62. 

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


